The grafting of high energy physics concepts into the condensed matter physics with particles appearing in the form of low energy quasiparticle excitations has ignited the discovery of numerous topological quantum materials which are represented by topological insulators and superconductors [1, 2] , Dirac semimetals [3] [4] [5] [6] [7] [8] [9] [10] , Weyl semimetals [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and so on. Very lately, it was shown that Weyl Fermions in lattice systems can be further classed into two types [22] . In type I Weyl semimetals, a topologically protected linear crossing of two bands, called a Weyl point, occurs at the Fermi level resulting in a point-like Fermi surface [22] [22] [23] [24] [25] [26] . For MoTe 2 crystalized in Td form which is in orthorhombic phase with no inversion symmetry (Fig. 1a) and isostructural to WTe 2 , it has been expected to have a larger separation of Weyl points in momentum space and more extended arc surface states, more desirable for unveiling Weyl points by spectroscopic tools like angle-resolved photoemission spectroscopy (ARPES) [23, 25] . It has been found by band structure calculations that the topological nature associated with the type II Weyl physics in MoTe 2 is extremely sensitive to its lattice constants. Small variations of lattice constants result in different forms of Weyl semimetals ranging from showing 4 sets of type II Weyl points [23, 26] , to 2 sets of type II Weyl points [25] , to 2 sets of type I Weyl points [23] .
Therefore, MoTe 2 is interesting not only because of its being a viable candidate for a type II Weyl semimetal, but also its possibility of topological phase transitions realized through delicate tuning of strain by pressure or temperature [23, 25, 26] . (Fig. 1g) , makes it possible to pin down on the nature of each Fermi surface sheet and band. We can identify three bulk hole pockets and two bulk electron pockets that are symmetrically distributed alongΓ-X direction with respect to the Brillouin zone centerΓ. The three hole pockets are denoted by H1 for the circular hole pocket around the Brillouin zone center, and H3 and H4 for the two butterfly-like hole pockets (Fig. 1e) . The two electron pockets are denoted as E1 and E2 (Fig. 1e) . These bulk electronic structures show a good agreement with band structure calculations (Fig. 1f) in terms of the number of hole-and electron-like Fermi surface sheets, and their locations in the momentum space. On the other hand, there are deviations between the measurements and calculations regarding the exact shape and size of each Fermi surface sheet that may come from the effect of k z , hole doping effect, and/or relative shifting of bands.
The band structures depend sensitively on k z for a three-dimensional material like MoTe 2 .
In particular, k z is important for probing the Weyl Fermion physics in MoTe 2 because it is expected that Weyl Fermions emerge only for k z =0 [22] [23] [24] [25] [26] . We have performed detailed comparison of the measured band structures with the calculated ones at different k z s (Fig.   2 ). Focusing on some characteristic bands like δ and ε bands that vary their energy positions sensitively with k z (Fig. 2a and 2b , and also see Supplementary Materials), we conclude that, for the photon energy of 6.994 eV we used in this work, the corresponding k z is close to 0.
Our measurements have clearly identified surface states in MoTe 2 . As seen in Fig. 1c and 1d, and also schematically shown in Fig. 1e , there exists a segment labeled by SS that is between the H4 hole pocket and the E1 electron pocket. This SS segment does not appear in the bulk band structure calculations (Fig. 1f) , but only emerges in the band structure calculations including surface states (Fig. 1g) . The measured band structure of this particular ss band (Fig. 2c) shows a clear resemblance to the surface state band in the band structure calculations (Fig. 2d) . The constant energy contours of this SS segment at different binding energies ( Fig. 2e and 2f ) also show good agreement with those of the surface band from the band structure calculations (Fig. 2g ). These observations provide strong evidence on the surface state nature of the SS band in MoTe 2 .
Our observation of the hole pocket H4, electron pocket E2 and the surface state segment SS (Fig. 1e) makes it possible to investigate their relationship that is important in determining the nature of the surface state and the Weyl physics. To this end, we carried out ARPES measurements with enhanced high-momentum resolution, focusing on the momentum region of possible Weyl points measured under two distinct polarization geometries, as shown in Fig. 3(a-d) . Surface state dominates in the s-polarization measurements (Fig. 3a and 3b) while bulk bands are enhanced in the p-polarization geometry (Fig. 3c and 3d ), but the electronic structures measured under these two polarization geometries are similar.
They are complementary to get full information on the related bands. Following results can be obtained from Fig. 3. (1) . We can simultaneously resolve hole band h4, electron band e2 and the surface state band ss clearly in Fig. 3 . Along or close to theΓ-X cut, the surface state band ss and the hole band h are separated at the Fermi level, but they touch at a binding energy of 80 meV forming a tilted X-like shape (cuts 1 to 3 in Fig. 3d ). When the momentum cuts move away from theΓ-X line (cuts 4 to 7 in Fig. 3d ), the two bands get close to each other and merge together at k y ranging from ∼0.04Å −1 to ∼0.08Å −1 , but they separate at high binding energies. When the momentum cuts goes further away fromΓ-X line, the surface state ss and the hole band h gradually separate from each other again. The h band split into h3 and h4 bands to generate butterfly-like hole pockets H3 and H4. These give rise to an overlap area of the surface state segment SS and the hole pocket H4, as shown in Fig. 1e . (2) . With the electron band e2 and hole band h4 resolved clearly, upon careful examination, we observe only a single branch of surface state ss in the whole k y range of 0 to 0.1Å −1 . (3). As seen from Fig. 1e and Fig. 3 , the surface state ss comes out from the bulk electron band(s). As seen in Fig. 3 , the surface state ss overlaps with the bulk hole band h4 near k y =0.05Å −1 . Therefore, the surface state SS connects the bulk electron pocket and the hole pocket as shown in Fig. 1e. (4) . In the momentum space that we have covered, the electron band e2 is always separated from the surface state band ss at the Fermi level.
However, these two bands are close to each other. Moreover, the electron band e2 is rather flat while the surface state band and hole band are steep. From temperature-dependent band structure measurements ( Fig. 3(e-k) ), by empirical extrapolation, we expect that the electron band e2 and the hole band h may touch each other at an energy of ∼40 meV above ARPES measurements at high temperature make it possible to observe electronic states above the Fermi level due to thermal excitations. Fig. 4 (a-j) shows ARPES measurements at different temperatures using ARToF-ARPES under two distinct polarization geometries.
These extensive measurements cover the momentum space and energy space above the Fermi level where possible Weyl points are expected [22, 23, 25, 26 ]. In the s-polarization measurements, the surface state SS dominates the signal at the Fermi level (Fig. 4(a-e) ). The surface state SS gets weaker when the energy goes above the Fermi level; in this case, it is possible to identify the electron pocket E2, particularly in Fig. 4b for 20 meV energy at 60 K (marked by the black dashed line) and Fig. 4c at 100 K. With increasing energy, the electron pocket E2 gradually approaches the surface state SS. Such a behaviour is natural and consistent with the results in Fig. 3 because electron band E2 is rather flat while the surface state band ss is steep.
On the other hand, under the p-polarization (Fig. 4(f-j) ), at a low temperature (30 K), the most pronounced features at the Fermi level (Fig. 4f ) are bulk bands: hole pocket H1
and electron pocket E1. The H3 and H4 hole pockets are weaker but still clear. The intensity 6 of the surface state SS is much suppressed in the p-polarization (Fig. 4(f-j) ) compared with that in the s-polarization (Fig. 4(a-e) ). When the energy goes above the Fermi level, the surface state SS is quickly suppressed. A peculiar feature stands out, i.e., the strong intensity spots in the measured constant energy contours, as marked by the arrows in Fig. 4(h-j) .
The strong intensity spot becomes clearer at ∼20 meV and above in the high temperature measurements. We note that, different from the s-polarization measurements where the left and right intensities of the surface state SS are nearly symmetric with respect to thē Γ-X line, the strong spots on the right side are much weaker in the p-polarization, likely due to photoemission matrix element effects. With the overall intensity of the electron pocket E2, the hole pocket H3, and the surface state SS that are vanishingly weak at ∼40 meV, the appearance of the strong intensity spot indicates something robust and nontrivial.
From Fig. 4 (k-m), one can see that the spectral weight distribution evolves from a smooth distribution at the Fermi level to the emergence of a discrete strong intensity spot centered around (0.225,±0.06)Å −1 at an energy of ∼40 meV above the Fermi level (Fig. 4k) . With the merging of the electron pocket E2 with the surface state SS segment above the Fermi level, as well as the contact of the SS surface state segment with H4 hole pocket, this strong spot is situated near the overlapping region of the electron pocket E2 and hole pocket H4.
The momentum location and the associated energy (∼40 meV) of the strong spots are close to the Weyl points expected from theoretical calculations [22, 23, 25, 26] .
It has been shown by band structure calculations that, depending on the lattice constants and electron correlations, different nature of Weyl points may result, as schematically shown in Fig. 4 (n,o,p) [22, 23, 25, 26] . Our detailed temperature-dependent measurements in Fig.   4 also makes it possible to examine on the possible topological phase transition induced by the lattice constant change from the temperature variation. As seen in Fig. 4 , for a given energy at the Fermi level or above the Fermi level, the observed electronic structures including both bulk bands and surface states are rather robust to the temperature variation.
This indicates that, in the temperature range we have covered (30-200 K), the strain from lattice change may not be large enough to induce the topological phase transition that is expected.
Our comprehensive ARPES data provides a clear distinction between different nature of the Weyl points in MoTe 2 . Depending on the lattice constants and electron correlation, it has been proposed that MoTe 2 may have three kinds of Weyl points: (I). four sets of type II Weyl points (Fig. 4n ) [23] ; (II). two sets of type I Weyl points (Fig. 4o ) [23] ; and (III). two sets of type II Weyl points (Fig. 4p) [25] . Our results are apparently not consistent with the scenario II of two sets of type I Weyl Fermions because the observed Weyl point is formed from the contact of the electron pocket E2 and the hole pocket H4, as seen from Fig. 3 .
When it comes to the other two kinds of type II Weyl Fermions, there is a decisive difference between them in the number of surface states between the Weyl points. For the scenario I with four sets of type II Weyl points (Fig. 4n) , two surface states are expected: one is trivial while the other is a Fermi arc connecting the two Weyl points [23] . For the scenario III with two sets of type II Weyl points, only one surface state is expected in the similar momentum region (Fig. 4o) 
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